Abstract-Resource discovery in a Grid environment is a critical problem and also a fundamental task which provides searching and locating necessary resources for given processes. Based on the domain and resource routing nodes, a grid resource discovery model of multilayer overlay network is given in this paper. And on this basis, using a linear combination of the block distance and chessboard distance instead of Euclidean distance, grid resource discovery algorithm based on distance is proposed. Experiment shows that the algorithm has low cost, fast response and can obtain better success rate of lookup, as well as the effectiveness of the resource discovery algorithm.
I. INTRODUCTION
Now, the grid is the international frontier of research topics. With the development of Grid technology, the Grid begins to be used in various fields. The most important one is data grid which is widely used in data-intensive industries. Data Grid can access, storage, move and manage the data which is heterogeneous, distributed and mass. It has a very broad application prospects.
Grid computing connects a large amount of geographically distributed heterogeneous resources to form a virtual network environment, enabling the users to share resources dynamically, which can effectively improve the utilization rate of resources and system performance. In the dynamic grid environment, resources are huge and have strong heterogeneity. The problems of resource management and lookup under ensuring high efficiency and use as possible as low cost become very complicated. Grid resource discovery mechanism in grid system is the key to realize resources sharing. Grid resource discovery mechanism performance directly determines the performance of the grid system. So it is necessary to design grid resource discovery algorithm with a low cost, good scalability and high efficiency.
In order to develop an efficient and scalable solution for Grid resource discovery, a series of challenges must be faced, due to the following reasons [1] :
1. dynamic property of Grid resources; 2. absence of central authority; 3. heterogeneous and large scale character of Grid environments; 4. unpredictability of faults; 5. difficulty in handling complex multi-attribute range queries.
To deal with these challenges, a resource discovery mechanism must have the following important characteristics [1] :
1. support for intermittent resource availability; 2. independence from any centralized/global control and global knowledge; 3. support for attribute-based discovery; 4. support for multi-attribute range queries; 5. scalability in terms of number of users and resources, and type of resources; 6. provide excellent query performance. The existing fully centralized or fully distributed resource discovery method is not very ideal. They have some flaws respectively. However, the grid resource discovery method which is based on hierarchical model focuses on the advantages of centralized and distributed discovery method. So, using the combination of the layered structure and tree structure, the model based on Multi-Layer Overlay Network to discover resources is given in this paper. And on this basis, using a linear combination of the block distance and chessboard distance instead of Euclidean distance, grid resource discovery algorithm based on distance is proposed.
The rest of the paper is organized as follows. Related work on grid resource discovery is given in section II. A Multi-Layer Overlay Network(MLON) Model is proposed for resource discovery in data grid in section III. Grid Resource Discovery Algorithm Based on Distance(BC-DIS) is proposed in section IV. The performance evaluation is presented in Section V. Finally, the conclusion and proposed future work are discussed.
II. RELATED WORK
At present, many organizations and researchers both at home and abroad study grid resource discovery model from different perspectives and different levels. The unified strategy to manage resources in the grid is adopted in the Globus centralized model proposed in [2] . It has a good global control and high efficiency of resource discovery, but it lack adaptability and extensibility in grid. Resources are managed through the interaction of different resource management systems in the P2P distributed model proposed in [3] [4] [5] . And just the opposite of the centralized model, it has a good scalability and lacks in the overall control. Besides, the communication costs of whole model are far higher than these of the centralized model. The flooding technology to find the resources is adopted in [6] . In the face of the grid dynamic environment, it has good fault tolerance and availability, but poor extensibility. The distributed resource discovery based on the virtual structure is adopted in the resource discovery mechanism based on Overlay Network (ON) proposed in [7] and Tree-Structured Overlay Network (TSON) in dynamic grid environment proposed in [8] . The ON and TSON can shield dynamic characteristics of grid resources and heterogeneity effectively. But they also have some deficiencies: because they partition Organizational virtual structured domain based on the physical area and use attribute matching method to find the resources, they cause large network consumption and poor efficiency.
A peer-to-peer architecture for resource discovery in a large and dynamic collection of resources has been proposed in [9] ，it is similar to Gnutella combined with more sophisticated query forwarding strategies taken from the Free-net overlay network. Requests are forwarded to one neighbor only based on experiences obtained from previous requests, thus trying to reduce network traffic and the number of requests per peer compared with simple query flooding as used by Gnutella. Because a suitable peer was not reached simply, the approach suffers from higher numbers of required hops to resolve a query compared to our approach and provides no lookup guarantees.
A model called the Hierarchical Resource Organizational Model has been proposed in [10] . The model consists of three layers to process the information in a grid. These three layers include: Physical Network, Resource Information and Index Information. The Physical Network Layer is at the lowest level containing the physical resources linked with each other on the Internet. For each resource, a resource node is placed in the Resource Information Layer. Therefore, the Resource Information layer contains virtual organizations (VO), which is a group of resource nodes in a star topology with a super node in the center. The super node stores all the information regarding the resources of a VO as adjacent lists. The Index Information Layer stores information pertaining to all super nodes of the middle layer and composition of the multiple layers form the basis for hierarchical resource discovery.
At present, the resource discovery mechanism is mainly divided into two types: one is centralized style; one is distributed style. Traditional centralized resource discovery mechanism has certain advantages [11] .
1. the topology structure of the system is relatively simple and it is easy to build and maintain, besides the consumption is small; 2. services focus, easy to resources sharing and system security is better; 3. there is no problem of inconsistent of information resources and the efficiency of resource discovery is higher in a small area. Meanwhile, there are same disadvantages [11] as follows:
1. Reliability is Relatively poor. When the central server fails, the system will not work properly and the system has not fault-tolerant; 2. Scalability of the system is Relatively poor. However, the characteristics of fully distributed resource discovery mechanism and centralized resource discovery mechanism is opposite, the main drawback is that:
1. the disorder and structurelessness of resource information space make resource discovery have a certain blindness; 2. Nodes can join or leave at any time, which makes the security of system difficult to control.
III. RESOURCE DISCOVERY MODEL
Overlay network is built on a physical network virtual network connected by virtual or logical links. It can provide more reliable and better fault-tolerant application services without changing existing large-scale network architecture. Each layer of overlay network uses a structured P2P technology, which is advantageous to dynamically join, leave and forward service of the virtual node. Multi-Layer Overlay Network(MLON) resources organization mechanism proposed in this paper is make full use of the overlay network technology and resources which are large, widely distributed, heterogeneous and dynamically changed in the grid of P2P technology organizations to better meet the dynamic environment of the grid system.
A. Model Organization Structure
MLON uses the combination of the hierarchical structure and tree structure to organize overlay network. As the service nodes at the bottom, all the resources in the grid constitute the physical resource layer of the model framework. A large number of grid resources are classified according to the type of resources. The virtual organization with an internal structure is managed by the corresponding overlay network node. Multi-layer overlay network structure is shown in Figure 1 .
Overall, MLON structure will be divided into two levels: the upper layer is the overlay network layer, or MLON layer; the lower layer is the physical resource layer, or the Internet layer. MLON consists of multiple virtual layers. All nodes in each layer are classified by the resource type and belong to different domains respectively. Each domain is independent, and each node in the domain uses the graph structure to connect each other in the form of structured peer-to-peer. Each layer adopts the method of the upper managing the lower. A virtual node of the upper manages a domain of the layer. Looking down from the top of a node, virtual nodes adopt tree structure to organize them. When virtual nodes of a domain increases to a certain number, the domain was divided into two or more smaller domains, which leads to the granularity of resource type small; on the contrary, when the nodes of a domain is reduced to a certain number, the domain nodes is merged, which leads to the granularity of resource type large. Thus a multilayer overlay network is formed. 
B. The Basic Definition
E denotes the set of edges in the network; R denotes the set of all resources in the grid, that is to say 1
indicates the collection of the type of resource, that is to 
rf is the function of resources registration; IndexList means the set of the pointer list in MLON. Definition 6: Resource Router Define the non-leaf nodes in the MLON model as RR(Resource Router) Definition 7: the function of resources registration rf The domain of the MLON is divided by resource type which is determined by resource properties. For each resource, whether it is static attribute or dynamic attribute, it is only active in a particular area [12] . If According to the definition and description, node n vi in MLON has the following characteristics:
Non-leaf node (i.e. resource router) in MLON is only responsible for managing resource sub-tree which uses it as the root and provides the sub-tree information for the upper node. The nodes on the bottom are called leaf nodes and the leaf nodes correspond to resource nodes of the physical network, which contain all the information of resources. In MLON, leaf nodes and non-leaf nodes only distinguish logically.
IV. RESOURCE DISCOVERY ALGORITHM
Resource discovery algorithm is focused on resource searching. If the grid dynamic changes like the joining or exiting of the nodes are mastered, good resource discovery algorithm is able to resource search. Considered with the dynamic change of grid environment from the resource routing nodes service deployment and the resource nodes register, the resource discovery algorithm of the Multi-Layer Overlay Network model based on distance is obtained.
Because of the dynamic of the resources in the grid environment, MLON must be able to self organized and maintained. It mainly includes the registration of resources, the cancellation of resources, the update of resources information and the failure and exception handling of resource nodes. These issues have been discussed in other articles, so they are not described in detail here
A. The Problem Description
Definition 8: Grid resource discovery model for request processing
request R A signifies the search request, it defines the various attribute constraints which the resources of finding should be met; l denotes the request-forward strategy in the process of resource searching; K indicates the collection of resources found in resource discovery process, which matches the search request.
It has a lot of similarity between resource nodes in each domain of virtual network. When looking for resources, users usually not concerned about a resource or a certain type of resources, but only pay attention to the most relevant k results with the needs. The proposed resource discovery algorithm in this paper combines Source Searching Technique Based on Style Matching Routing(SMRT) with Source Searching Technique Based on Topk Algorithm(TopkT) to finally find the collection of resources K which match the search request of user. 
After the user requests resource, grid system can quickly find the resource domain which matches the request of user, because the RR in the resource domain is responsible for assigning the most appropriate resources. Resources in the resource domain can be uniformly represented with a point of the m-dimensional coordinates. Searching a resource can be seen seeking a point that satisfies the query conditions in the m-dimensional coordinates. So, ( ( )) request R A can be converted into seeking the k resources which satisfy the query conditions and whose distance is nearest from enquiry point in the m-dimensional coordinates.
By the Euclidean distance formula, m-dimensional resource attribute query can be converted into a one-dimensional range query to meet the grid resource discovery mechanism principles of multiple attribute queries. According to the formula (3), (4), (5) 
So the distance between resource r i and enquiry point r is given below.
（6）
The method that uses an appropriate linear combination of Blocks distance and Chessboard distance instead of Euclidean distance reduces multiplication operation and has a high operation speed, thereby the efficiency of resource discovery has been improved.
B. Algorithm Description
Resource discovery algorithm based on MLON can be divided into two parts: the user's request is passed between nodes RR; the request is transferred and searching for resource in matching types of resources domain. 
Outputs: The optimal k resources. 
C. The Algorithm Time Complexity Analysis
Assuming the number of grid resource type is n t , namely |T|=n t , the number of nodes with the lowest layer resource domain that requests to be matched is n v , the height of MLON is h, the number of resource return is k.
From the above algorithm, we can get to know that the resource discovery process can be divided into two stages: (1) the first stage is that user requests to find resource domain. The worst case is that the requests of user are transferred from the leaf nodes to the top of MLON. Then it traverses the top of the resource routers. Finally, it sent a request to (h-1) layer resource routers of the MLON. The number of comparison between requests and nodes is (2h+n t ). As the number of resources managed by the top-level resource routers has a threshold, the depth h is a constant. (2) the second stage is that the request is propagated in the matching resource domain. When all the resources in the domain satisfy the request, the number of comparisons is (n v +k(n v -k)). Therefore, the time complexity of the algorithm is O(n t +n v ).
V. THE EXPERIMENTAL EVALUATION
Experiment employs GridSim [14] simulation toolkit to simulate experiment about the grid resource discovery algorithm BC-DIS and grid resource discovery algorithm based on flooding [15] . Use the JDK and JCreator as a programming environment. The program is running on Windows XP platform.
A. Experimental Environment Settings
The experiment only simulates computing resources in the grid, not considering other grid resources. In the process of simulation, we need to ignore change of network topology in resource discovery at a time, and all the resource information should be kept stable and effective in the network. According to the macroscopic statistical properties showed by the system, we will simulate. When we ignore the dynamic changes of the various details of the system, we can simplify the problem under the condition of grasping the essence of the system. Supposing the number of resource nodes of the model is 50000, namely | | 50000 N G = , | | 50000 R = ; the number of resource type is 10, | | 10 T = , Various types of resources are evenly distributed and
According to the experimental environment, the node n vi of the MLON must meet the following two conditions:
(1)
where de(n i ) represents the degree between nodes n i and its sibling nodes in a certain layer of the MLON. f(n i ) represents the parent node of node n i , S(n i ) represents the child node of node n i .
In flooding resource discovery mechanism, an average degree between nodes is 4 with life cycle in the way of TTL controlling request information in the network.
In order to make the comparability between the two kinds of resource discovery mechanism, the concept of Resource Density [16] (R (A) ), its unit is 1/1000. N R indicates the resource node set that matches with request (R(A) ). N represents the set of all resource nodes.
B. Simulation Analysis
In the process of simulation experiment, experiment runs many times with different user requests, and simulation results are the average of the experiment results. There are three important performance indexes of the resource discovery algorithm: the number of nodes involved in the process of resource discovery, response time and the success rate of lookup. This section mainly compares BC-DIS resource discovery algorithm with flooding resource discovery algorithm through the three indexes.
B1. The Comparison of the Number of Nodes Involved in the Process of Resource Discovery
The comparison of the number of nodes in the resource searching for the two kinds of resource discovery algorithm is shown in Figure 2 . Seen from the Figure 2 , with the increase of density of resources, the number of nodes involved in BC-DIS resource discovery algorithm is far less than flooding algorithm. Especially when the density is small, BC-DIS algorithm has more obvious advantages. 
B2. The Comparison of Response Time
Response time is the average time from a resource request to receiving a successful response by user. Judge the response time according to hops in the path in which service request is forwarded. The comparison of the number of hops in the resource searching for the two kinds of resource discovery algorithm is shown in Figure  3 . Seen from the Figure 3 , the hops of the BC-DIS resource discovery algorithm are less than the hops of flooding algorithm. But with the increase of density of the network resources, resources satisfying the requests in the system increase, and the hops of two kinds of resource discovery algorithm become smooth and consistent. 
B3. The Comparison of the Success Rate of Lookup
The comparison of the success rate of lookup for the two kinds of resource discovery algorithm is shown in Figure 4 . Seen from the Figure 4 , two algorithms can always find the resources with the increasing of lifecycle of information. The BC-DIS algorithm discovers resources more effectively when TTL value is small. It can be seen from the above simulation results that the use of resource discovery mechanism proposed in this paper can achieve better query efficiency with less traffic and node hops in large quantities of certain resources.
In addition, resource search results of two algorithms are found: grid resource discovery algorithm based on flooding that adopts the resource search method of comparison of the attributes often returns to results with deviation of attribute too much; grid resource discovery algorithm based on BC-DIS supports multiple attributes and range search, and it can return to the k most appropriate resources according to customer request, so it has the highest customer satisfaction.
VI. THE CONCLUSION AND FUTURE WORK
Because of disadvantage that layered resource discovery mechanism is strongly dependent on resource routing nodes in the grid, a grid resource discovery model based on MLON is given. And on the basis of MLON, the grid resource discovery algorithm based on distance is proposed by using a linear combination of the block distance and chessboard distance instead of Euclidean distance. Through performance analysis and simulation results, the model has fault tolerance and scalability. And it also meets the requirements of the grid dynamics, distribution and scalability. Then it can shield heterogeneity among the resources. The next step is to deploy the model to experiment in real grid environment.
